Introduction: Early detection of diabetic peripheral neuropathy (DPN) is critical in patients with type 2 diabetes mellitus (T2DM) due to the lack of targeted therapy for DPN. We have investigated the relationship between different stages of diabetic nephropathy and DPN in an attempt to elucidate whether albuminuria can be used as an early warning signal of DPN progression. Methods: A total of 217 T2DM patients who met the inclusion criteria were recruited from the Department of Endocrinology, Nanfang Hospital between January 2016 and June 2016. These patients were placed in groups based on
urinary albumin excretion rate (UAER) and estimated glomerular filtration rate. Nerve conduction studies, the Semmes-Weinstein monofilament test (SWMT) and the vibration perception threshold (VPT) test were conducted. Multiple linear regression analysis, multivariate logistic regression and receiveroperating characteristic (ROC) analysis were performed to investigate the relationship between different stages of diabetic nephropathy and DPN in these patients. Results: Significant differences were observed in the conduction velocity (CV) and amplitude of sensory/motor nerve potential among the T2DM patients at different stages of diabetic nephropathy (all p \ 0.05). The UAER and duration of diabetes were found to be independent factors associated with the mean CV and amplitude of sensory/motor nerve potential (all p \ 0.05). A disease duration of [ 10 years (p = 0.025) and a higher total cholesterol value (p = 0.024) were found to be significantly associated with abnormal SWMT results. A UAER of [ 300 mg/24 h (p = 0.007) and a diastolic blood pressure of [ 100 mmHg (p = 0.042) were associated with a higher risk for abnormal VPT. A UAER of [ 300 mg/24 h (p \ 0.001) and a disease duration of[10 years (p = 0.02) were observed to be significantly correlated with DPN. The ROC analysis showed that the optimal cutoff values of UAER and duration as indicators of DPN were 90.5 mg/24 h and 9.5 years, respectively (both p \ 0.001).
INTRODUCTION
Type 2 diabetes mellitus (T2DM) is a group of chronic and systemic metabolic diseases, the prevalence of which has reached epidemic proportions worldwide [1] . Due to microvascular and macrovascular complications, T2DM is associated with increased morbidity and mortality [2] . Nephropathy and neuropathy are two common complications of T2DM that seriously affect patients' quality of life; they are also the leading causes of disability and death in T2DM patients.
The clinical treatment of T2DM patients prioritizes stratification of the risk of various complications at the preclinical stage, during which time the damage is incipient and clinical interventions are likely to be the most effective in preventing progression to more advanced stages. For example, the urinary albumin excretion rate (UAER) at the microalbuminuria stage is considered to be a marker of incipient renal injury in diabetes, and its measurement as a prognostic marker has become firmly entrenched in clinical practice [3] . It has also been noted that once microalbuminuria is present, the average reduction in the creatinine clearance rate in untreated T2DM patients is approximately 10-12 mL/min per year [4] . Thus, determination of the presence or absence of microalbuminuria affects the choice of interventions that may prevent progression to further kidney injury several years before its actual development.
Diabetic peripheral neuropathy (DPN) also appears before the onset of symptoms. This condition is known to be the main initiation factor for foot ulceration and lower extremity amputation [5] . About one-third of patients with DPN develop pain, which has severe consequences on the quality of life [5, 6] . Despite DPN being the most common complication of diabetes, many of its underlying pathophysiological mechanisms are unknown, and there is a lack of targeted therapy. Consequently, early diagnosis and treatment initiation are critical, with identification at an early stage likely providing an opportunity for effective intervention [7, 8] .
Thus, objective tests and prognostic markers that can be used to identify DPN during its early stage are critical. Nerve conduction studies (NCSs) are considered to be the most accurate and reliable methods for detecting DPN [9] [10] [11] and ideally should be performed routinely in all patients with T2DM. However, NCSs are extremely costly in terms of financial and human resources, thus limiting their routine use.
Screening for albuminuria is a routine clinical examination and commonly carried out in T2DM patients at admission to the hospital. The primary aim of this study was to evaluate the possible close correlation between different stages of diabetic nephropathy and the occurrence of DPN. Additionally, we attempted to elucidate whether albuminuria can be used as a warning signal of DPN progression, with the aim to select T2DM patients at high risk of DPN for early screening and intervention.
METHODS

Study Design
This was a cross-sectional, open-label, controlled clinical study, with the aim to investigate the association between different stages of diabetic nephropathy and neuropathy. All procedures performed in the study are in accordance with the Ethics Committee of Nanfang Hospital, Southern Medical University and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. Informed consent was obtained from all individual participants included in the study. The Chinese Clinical Trials Registration Number of the present study is ChiCTR-ROC-16007701.
Participants
A total of 259 patients with T2DM were initally recruited from the Department of Endocrinology of Nanfang Hospital between January 2016 and June 2016, of whom 42 patients were excluded according to the exclusion criteria. The mean age of the 217 patients who were enrolled in the study (136 males, 81 females) was 59.26 ± 11.12 years, and the mean duration of diabetes at enrollment was 9.38 ± 6.05 years. All patients underwent tests to screen for diabetic nephropathy and neuropathy.
The exclusion criteria for the patients were: kidney transplantation, nondiabetic nephropathy kidney diseases, cervical vertebra and lumbar intervertebral disc herniation, unstable medical state (acute cerebrovascular events, acute coronary events, transaminase level more than twofold higher than normal, serum potassium [ 5.5 mmol/L and acute infectious diseases), malignant tumor, limb trauma, chronic rheumatic disease, thyroid function abnormalities, alcohol abuse, intake of neurotoxic medication, vitamin B12 deficiency and pregnancy.
Patients were classified into four groups based on UAER and estimated glomerular filtration rate (eGFR): normoalbuminuria group (NG; UAER \ 30 mg/24 h, n = 99); microalbuminuria group (MG; UAER C 30 mg/24 h and \ 300 mg/24 h, n = 45); proteinuria group (PG; UAER C 300 mg/24 h and eGFR [according to Chronic Kidney Disease Epidemiology Collaboration] C 60 mL/min/1.73 m 2 , n = 38; renal insufficiency group (RIG; UAER C 300 mg/24 h and eGFR \ 60 mL/min/ 1.73 m 2 , n = 35) [12] .
Measurements
Each patient's medical history was retrieved from hospital records and the information supplemented with measurements and tests performed on the first day after admission. Body height and weight were measured with the patient wearing light clothes and in bare feet. All urine and blood samples were collected after an overnight fast (minimum duration 8 h). Albuminuria was measured in a 24-h urine collection. The levels of serum uric acid (SUA), lowdensity lipoprotein (LDL), high-density lipoprotein (HDL), total cholesterol (TC), triglycerides (TG) and fasting plasma glucose were measured using a biochemical automatic analyzer (model AU5431; Beckman Coulter, Brea, CA, USA), as was the concentration of urinary creatinine (model AU2700; Beckman Coulter). Urinary albumin was measured on a Siemens Dade Behring BN II Nephelometer (Siemens AG, Munich, Germany). Glycated hemoglobin (HbA1c) was estimated by highperformance liquid chromatography (Tosoh Corp., Tokyo, Japan). The urinary albumin to creatinine ratio (UACR) was estimated by dividing the urinary albumin concentration by the urinary creatinine concentration.
The Nicolet Viking Quest electromyograph system (VIASYS Healthcare, Conshohocken, PA, USA) was used for electrophysiological assessments by the same electrophysiologist. Sensory (S) nerve studies were conducted using the ulnar, median, and sural nerves, and motor (M) nerve studies were conducted using the ulnar, median, peroneal and posterior tibial nerves. The conduction velocity (CV), sensory nerve action potential (SNAP) amplitude and compound muscle action potential (CMAP) amplitude were measured and recorded. The mean value of the sensory CV was calculated as: CV sensory nerve = (CV ulnar nerve S ? CV median nerve S ? CV sural nerve S )/3. The same method was used for the mean of motor nerve CV, SNAP amplitude and CMAP amplitude, respectively.
The quantitative sensory tests, including the Semmes-Weinstein monofilament test (SWMT) and the vibration perception threshold (VPT) test, were also performed to evaluate neuropathy in this study. The SWMT method used is described in our previous study [13] . SWMT results were considered to be abnormal when at least two of the five testing sites were insensate on both feet [14] . The VPT was measured in a standardized manner using a biothesiometer (Bio-Medical Instrument Co., Newbury, OH, USA) [15] . The higher mean VPT value in either limb was used for analysis. VPT test values were considered to be abnormal when the value exceeded 25 mV [16] .
In this study, the presence of DPN was defined when there was an abnormal result for the electrophysiological assessment (CV or amplitude) in at least two different nerves, combined with abnormal VPT or SWMT results.
Statistical Analysis
For continuous variables, results were presented as the mean ± standard deviation if normally distributed and the median and interquartile range if non-normally distributed. The one-way analysis of variance test (normally distributed data) and the Kruskal-Wallis test (nonparametric data) were employed to examine differences among groups. The categorical data were analyzed using Pearson's v 2 test. To evaluate the correlation between the clinical variables and DPN, we performed multiple linear regression analysis (the mean of CV and amplitude as the dependent variables) and multivariate logistic regression (the results of VPT, SWMT, and DPN as the dependent variables). Receiver-operating characteristic (ROC) analysis was performed to identify the optimal cutoff values for duration and UAER as indicators of DPN. A two-sided p value of \ 0.05 was assumed to be statistically significant while a p value of \ 0.001 was taken to be highly significant. All statistical analyses were performed using SPSS statistics software (version 19.0, 2010; IBM Corp., Armonk, NY, USA).
RESULTS
Clinical Characteristics of Enrolled Patients
The baseline characteristics of the patients are shown in Table 1 . Duration, systolic blood pressure (SBP), UACR and UAER were statistically significantly different (all p \ 0.05) between each patient group (NG, MG, PG and RIG), but there were no notable inter-group differences for the other measures.
NCS Variables at Different Stages of Diabetic Nephropathy
Statistically significant differences were seen in the CV and amplitude of the sensory/motor nerve action potential between each group of T2DM patients at different stages of diabetic nephropathy ( Table 2) .
Correlation Between Clinical Variables and NCS
Due to the high inter-correlation between UAER and UACR (p \ 0.001, data not shown), the UACR data were excluded from the multiple linear regression in order to avoid multicollinearity. Correlation analysis was performed between the clinical variables and the mean CV/amplitude levels of the sensory/motor nerves. The results revealed that the duration of diabetes, SBP, HbA1c, TC, HDL and UAER were associated to the means of the NCS variables (data not shown).
We then performed multiple linear regression analysis using the mean CV and amplitude levels of the sensory/motor nerves tested as dependent variables, respectively, and the above selected clinical variables as independent variables. Multiple linear regression revealed that UAER and duration were independent factors associated with the mean sensory nerve CV. Duration, SBP, and UAER were independent factors associated with the mean sensory nerve amplitude. UAER, duration, TC, and HbA1c were independent factors associated with the mean motor nerve CV, and UAER, duration, and SBP were independent factors associated with the mean motor nerve amplitude (Table 3) .
Risk Factors for abnormal SWMT and VPT results in T2DM Patients
We transformed the continuous variables into grade variables according to pre-determined intervals for logistic regression analysis as fol Multivariate logistic regression analysis was used to assess the SWMT and VPT results as dependent variables, respectively, and age, sex, BMI, duration of diabetes, smoking history, SBP, DBP, HbA1c, SUA, LDL, HDL, TC, TG and UAER (Fig. 1) .
DISCUSSION
In our study group of patients with T2DM the clinical symptoms of complications associated with T2DM appeared later than the pathological changes. Estimates of microalbuminuria and the results of funduscopic examinations are known to serve as objective indicators of incipient nephropathy and retinopathy in diabetes. However, evidence for the validity of a comparable objective criterion for the risk for early diabetic neuropathy is lacking. To date, NCSs are considered to be a consistent indicator or the gold standard of neuropathy [17] . Nevertheless, rigorous control of all aspects of each NCS is critical, and each complete study may require up to 45 min. Consequently, such studies are expensive in terms of manpower, time and cost, and it is therefore not cost-effective to perform NCSs on all T2DM patients. Thus, it is imperative to identify a fairly straightforward warning indicator of diabetic neuropathy to screen high-risk patients and facilitate an early diagnosis and treatment of neuropathy in a timely and efficient manner.
In the study reported here, we performed nephropathy staging in T2DM patients based on UAER and eGFR values and found that nerve conduction (including amplitude and CV) significantly decreased with the progression of diabetic nephropathy. In addition, we found that UAER and disease duration were independent risk factors for diabetic neuropathy even when the CV and amplitude of the sensory/motor nerves were used as dependent variables. Furthermore, UAER and disease duration were also independent risk factors leading to abnormal SWMT and VPT test results. These findings suggest that UAER and disease duration can likely be used as warning indicators for the occurrence of DPN. The definition of DPN used in our study was based on standard published consensus guidelines [18] such that DPN can be confirmed in the presence of abnormal nerve conduction and a symptom(s) or a sign(s) of neuropathy. We defined DPN as the presence of abnormal electrophysiological assessment (CV or amplitude) in at least two different nerves combined with an abnormal VPT test or SWMT result.
SWMT is a simple, accurate, and practical tool for diabetic neuropathy screening [14, [19] [20] [21] . A 4-year follow-up study [22] found that SWMT is appropriate as a simple diabetic neuropathy screening instrument generalizable to the clinical setting. VPT tests may also provide vital clinical information on the function of large nerve fibers in diabetic patients, and one study [23] showed that VPT was a sensitive predictor of clinical neuropathy.
In our study, multivariate logistic regression analysis demonstrated that UAER and disease duration were independent risk factors for DPN. The ROC analysis revealed that the risk of DPN will increase significantly in T2DM patients when the UAER is [ 90.5 mg/24 h or the duration of diabetes is [ 9.5 years.
Albuminuria has been proposed to be an independent predictor of increasing levels of vascular risk factors and microvascular and macrovascular diseases in T2DM patients [24] . More specifically, albuminuria has been confirmed to be a marker of incipient renal injury in diabetes [3] . In Chinese diabetic patients, a UACR of[5.6 mg/mmol predicts progression to renal failure and early death [25] . Several studies have reported a correlation between albuminuria and diabetic retinopathy in T2DM patients. One recent study showed a strong correlation between the severity of diabetic nephropathy and retinopathy and that renal injury precedes retinal damage in T2DM patients [26] . Albuminuria is also considered to be a marker of cardiovascular diseases and a factor which increases the risk of morbidity and mortality [27, 28] .
However, the number of published studies with the specific aim of investigating the correlation between albuminuria and DPN are very limited, although the results of some studies may indirectly reflect this association. Savage et al. [29] showed that an increasing UAER in a large non-insulin-dependent DM (NIDDM) population was associated with an increased prevalence of diabetic neuropathy, retinopathy and cardiovascular disease, which suggested that UAER may be more than an indicator of renal disease in NIDDM patients. In a study [30] showed that high serum cystatin C level was closely associated with DPN and that this molecule may be a potential biomarker for DPN in T2DM patients. In their review, Callaghan et al. [31] proposed that neuropathy can be particularly severe when diabetic chronic kidney disease occurs. Also, with respect to the association between albuminuria and diabetic autonomic neuropathy, Chuang et al. [32] showed that albuminuria was an independent risk factor for erectile dysfunction in men with T2DM. These results are consistent with the findings of our study in showing a close correlation between albuminuria and the occurrence of DPN. Moreover, a very recent retrospective study [33] also found an association between elevated UACR and decreased eGFR and DPN. Although the results of our study are similar to those reported earlier, the overall design of our study was different, and our analysis of risk factors leading to abnormal SWMT and VPT test results may add to the reliability of results.
In our study, due to high inter-correlation between the UAER and UACR and taking into consideration that the patients were hospitalized and that UAER assessment may improve the accuracy of the results, we excluded UACR from further statistical analysis. However, we consider that, for outpatients, determining the UACR may be more easily performed; our results (data not shown) demonstrated that UACR could also be used as a warning indicator of DPN progress. Therefore, based on the results of our study, we suggest that the UAER can be used as a predictor of diabetic neuropathy as well as for a marker of diabetic nephropathy. For T2DM patients with a UAER of [ 90.5 mg/ 24 h or disease duration of [ 9.5 years, comprehensive neurological screening and timely treatment should be carried out.
As a cross-sectional study, the results suggest that UAER and diabetes duration in our T2DM patients were associated with increased risk of DPN progression. Prospective studies with larger sample size and long-term follow-up might provide a more convincible conclusion.
CONCLUSIONS
In our patients with T2DM, diabetic nephropathy was closely associated with DPN. The UAER and disease duration were found to be indicators that warned of DPN progress. of China (No. 81500656) and Natural Science Fund of Guangdong Province (No. 2016A030313521). Article processing charges were funded by the authors.
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